By means of subtractive and differential hybridization techniques we have identified a novel murine gene (1A13) the expression of which is developmentally regulated in the mouse brain. Comparison of the nucleotide and predicted protein sequence revealed closest relationship of 1A13 to human CoREST, a transcriptional co-repressor required for regulation of neural-specific gene expression. Thus, we will refer to 1A13 as M-CoREST. As shown by in situ hybridization and Northern blotting, expression of M-CoREST mRNA is abundant in neural tissue at early embryonic stages but declines significantly towards birth, coincident with the progression of CNS maturation. q
Results and discussion
Using a combination of subtractive hybridization and differential screening, we have analyzed the expression of developmentally regulated genes between gestational day 10 and birth, a period when major steps of neurogenesis take place in the developing mouse (Rugh, 1990) . In this way, we have identified a novel gene, termed 1A13 (GenBank X83587), which turned out to be a murine homologue of the human transcriptional co-repressor CoREST (Andres et al., 1999) , and thus will be referred to as MCoREST in the following. Here we show that M-CoREST is abundantly expressed in the developing CNS at early stages but becomes downregulated towards birth, as evidenced by Northern blotting (Fig. 1) . Including the polyadenylation region, M-CoREST comprises 2037 bp. The longest open reading frame extends for 1440 nucleotides encoding a protein of 479 amino acids with an apparent molecular weight of 53.3 kDa. Results from the PSORT II prediction program (http://psort.nibb.ac.jp:8800/ form2.html) suggest that M-CoREST localizes to the nucleus due to a putative nuclear localization signal consisting of two overlapping consensus motifs (aa residues 208-212). A BLASTp sequence similarity search (http://www.ncbi.nlm.-nih.gov/blast/blast.cgi) revealed closest relationship of MCoREST to human CoREST (KIAA0071) (Andres et al., 1999; Nomura et al., 1994 ). As has been described for human CoREST, the predicted primary structure of MCoREST comprises two SANT (SW13/ADA2/NcoR/ TFIIIB) domains (Aasland et al., 1996) and an N-terminal region of low homology to the ELM2 (Egl-27 and MTA1 homology 2) domain (Solari et al., 1999) (Fig. 2A) . MCoREST shares overall 54% amino acid identity (70% positives) with human CoREST due to a region of poor homology separating the two SANT domains. Seventy-four percent amino acid identity (84% positives) is found within the first 150 amino acids. The SANT domains of M-CoREST show 88% (SANT1) and 75% (SANT2) identity to the corresponding SANT domains of human CoREST (Fig. 2B) . A similar dual arrangement of SANT domains is found in the related transcriptional co-repressors SMRT/SMRTe (silencing mediator for retinoid and thyroid hormone receptors/ extended isoform) (Park et al., 1999) and N-CoR (nuclear receptor co-repressor) (Hörlein et al., 1995) . The high sequence similarity of SANT domains to the DNA binding domains of Myb-related proteins (Oh and Reddy, 1999) has suggested a special role of SANT domains in transcriptional regulation. The ELM2 (Egl-27 and MTA1 homology 2) domain, which is usually located to the N-terminus of myblike DNA binding proteins, is considered to be involved in Whole-mount in situ hybridization has revealed that MCoREST is particularly, though not exclusively, expressed in neural tissue. Here, we have focused on the expression of M-CoREST in the developing mouse CNS. During early development (embryonic day (E) 7 to E8.5), M-CoREST mRNA is still uniformly distributed, although the presumptive neural tissue (head region) is already marked by a slightly stronger hybridization signal (Fig. 3A,B ) and the heart is clearly devoid of M-CoREST. From E9 on, MCoREST becomes increasingly restricted to the developing brain and spinal cord (Fig. 3C,D ,F,G). With the striking exception of the floor plate, many cell clusters in the neural tube contain M-CoREST mRNA at that stage (Fig. 3E) . Expression of M-CoREST is detectable in dorsal root ganglia ( Fig. 3L) and also in the neural retina (sensory layer of the retina) of embryos from E11 on throughout development. Fig. 3J ,K shows M-CoREST expression in the neural retina of an E12.5 embryo. During mid-gestation, MCoREST is particularly expressed in neural tissue (Fig.  3M ) thereby shifting to the intermediate and distal layers of the expanding intraneural domains (Fig. 3H,I ). From late gestational stages on, pronounced M-CoREST expression is detectable only in selected areas of the brain such as the retrospinal cortex (Fig. 3N,O) . Fig. 3P ,T shows M-CoREST expression in neural cell layers in the hypothalamic region at postnatal day 5. Although M-CoREST mRNA was no longer detectable on Northern blots of RNA derived from adult brains, reverse transcriptase-polymerase chain reaction revealed proceeding expression in adult animals which was further evidenced by the weak M-CoREST hybridization signal seen in many neural cells of the differentiated cortex (data not shown). M-CoREST expression has also been observed in non-neural tissue such as the developing limbs where it becomes restricted to the interdigital areas (Fig. 4A,B) . Particular expression is detectable in the odontoblast layer of the developing teeth and the maxillary bone (Fig. 4D) .
In the cerebellum, M-CoREST is already expressed before the lobules form. At E14, M-CoREST mRNA is uniformly distributed in the cerebellar rudiment (Fig. 3Q) . When lobulation becomes evident, expression of M-CoREST is detectable only in the proliferating granule cells of the outermost layer (external granular layer, EGL) (Fig. 3R,S) .
The human CoREST was originally described as a corepressor to the zinc-finger transcriptional repressor REST/ NRSF (RE1 silencing transcription factor/neural restrictive silencing factor) a master negative regulator of neurogenesis (Chong et al., 1995; Schoenherr and Anderson, 1995) . However, REST/NRSF mRNA has also been detected in undifferentiated neural cells (Schoenherr and Anderson, 1995) and even in the adult nervous system (Palm et al., 1998) . This has led to the notion that, apart from its repressive action on neuronal gene transcription in extraneural tissue, REST may act as a silencer of neuron-specific gene expression in neural precursors, thereby preventing premature expression of terminal differentiation genes.
Here we show that M-CoREST (1A13), a novel mouse gene, shows considerable homology to the human transcriptional co-repressor of REST (CoREST) and is strongly expressed in neural domains of the developing brain.
Materials and methods
Isolation of total RNA and mRNA was performed according to standard procedures (Chomzcynski and Sacchi, 1987) . A 32 P-labeled single stranded cDNA pool, generated by reverse transcription of E12 mouse (NMRI) brain RNA, was subtracted from mRNA derived from newborn (NB) mouse brain as described by us previously (Zach et al., 1997) . During the subtraction step, 95% of the cDNA was removed and the remaining 5% was used to screen an E12 mouse brain cDNA library (Clontech). Positive clones were replated for differential screening using 32 P-labeled cDNAs derived from E12 and NB brain tissue. cDNA inserts of plated colonies which furthermore showed a different expression pattern on Northern blots of E12 and NB brain RNA were isolated and sequenced. Blotting and hybridization procedures were performed as described (Sambrook et al., 1989) .
For in situ hybridization studies NMRI mouse embryos of various stages were dissected and fixed in 4% paraformaldehyde-phosphate-buffered saline for various time intervals. The cRNA probe was transcribed from the entire M-CoREST cDNA clone. Whole-mount and tissue section in situ hybridization was performed as described elsewhere (Wilkinson and Green, 1990; Wilkinson, 1992) .
